Differential regulation of angiogenic cellular processes and claudin-5 by histamine and VEGF via PI3K-signaling, transcription factor SNAI2 and interleukin-8.
Histamine and vascular endothelial growth factor A (VEGF) are central regulators in vascular pathologies. Their gene regulation leading to vascular remodeling has remained obscure. In this study, EC regulation mechanisms of histamine and VEGF were compared by RNA sequencing of primary endothelial cells (ECs), functional in vitro assays and in vivo permeability mice model. By RNA sequencing, similar transcriptional alterations of genes involved in activation of primary ECs, cell proliferation and adhesion were observed between histamine and VEGF. Seventy-six commonly regulated genes were found, representing ~53% of all VEGF-regulated transcripts and ~26% of all histamine-regulated transcripts. Both factors regulated tight junction formation and expression of pro-angiogenic transcription factors (TFs) affecting EC survival, migration and tube formation. Novel claudin-5 upstream regulatory genes were identified. VEGF was demonstrated to regulate expression of SNAI2, whereas pro-angiogenic TFs NR4A1, MYCN and RCAN1 were regulated by both histamine and VEGF. Claudin-5 was shown to be regulated VEGFR2/PI3K-Akt dependently by VEGF and PI3K-Akt independently by histamine. Interleukin-8 was shown to downregulate claudin-5 by histamine. Additionally, SNAI2, NR4A1 and MYCN were shown to mediate EC survival, migration and tube formation and to regulate expression of claudin-5. Further systemic delivery of VEGF and histamine was shown to induce a fast vascular hyperpermeability response in intact vasculature of C57/Bl6 mice followed by regulation of NR4A1 and MYCN. Our study identifies novel claudin-5 upstream regulatory genes of histamine and VEGF that induce cellular angiogenic processes. Our results increase knowledge of angiogenic EC phenotype and provide novel treatment targets for vascular pathologies.